Purpose: The increased prevalence of dental caries and gingivitis in the early 20s is a concerning oral health problem in Japan. The aim of the present study was to evaluate the effectiveness of a single individual education program regarding the oral health status and oral health behaviors for university students in their early 20s.
Introduction
Retention of natural teeth is important for chewing and savoring food, and these functions are essential for maintaining holistic health and quality of life through the lifespan [1] [2] [3] . However, a high proportion of people lose their natural teeth because of various conditions, the most common ones being dental caries and periodontal disease [4] . The prevalence of untreated caries in permanent teeth is 36% in the total population, with a peak at the age of 25 years [5] , while the prevalence of periodontal disease begins to increase at the approximate age of 20 years [6] . Deterioration of the oral health condition in young people in their early 20s is a concerning oral health problem in Japan [7] , with a similar situation reported in several other countries [8] [9] [10] [11] . Although acquiring good oral health behaviors and improving oral health status at this stage are crucial for the maintenance of oral health throughout life, deterioration of the oral health status and poor oral health behaviors may be caused by several factors in the young Japanese. Up to the high school level, the schools are obliged to conduct annual dental examinations by the School Health and Safety Act in Japan [12] . However, dental examinations are not mandatory for university or college students according to this regulation, therefore, most universities or colleges omit dental examinations from the annual physical examinations. Approximately 55% of individuals in Japan enter universities or colleges following graduation from high schools [13] , and most of them do not receive regular dental checkups unless they have habits of regular dental checkups. In addition, the proportion of Japanese people in their 20s who received dental checkups in the past year was 29.1%, which was relatively lower than the proportions of Japanese people aged 20-60 years (35.7%) [14] and European people aged 15 years or older (50%) [15] . An irregular diet associated with the beginning of an independent life is another factor. Thus, young Japanese adults exhibit poor oral health behaviors and attitudes toward oral health, and intervention by dental professionals is particularly important for individuals in their early 20s. An individual instruction based on individual oral status was considered to be effective to improve individual oral health, because both individual and group oral hygiene instructions were reported to have similar beneficial effects [16] . Accordingly, to investigate appropriate interventions for the improvement of oral health in university students, an individual education session was conducted and its effectiveness was evaluated in the present study.
Materials and Methods

Participants
The participants were recruited from 160 students aged 20 years or older who were enrolled in a medical technology school in central Tokyo. These students were selected as participants because they were a uniform sample without any specialized knowledge or skills pertaining to oral health care. Before recruitment, the outline of the study was advertised to the students through posters placed on university notice boards. On the day of the annual physical examination, the students were informed details of the study, and 52 students voluntarily agreed to participate in this study and gave informed consents in writing. Students who were willing to afford the time to participate in a scheduled intervention session were assigned to the intervention group, while the remaining were assigned to the control group.
Study protocol
This study was conducted from April 2016 to October 2016. Oral examinations were conducted on the same day as the annual physical examination to evaluate the baseline status of the participants. Then, 3 months after the baseline evaluation, each student in the intervention group received a single education session that lasted for 15-20 min. The contents of the education program were determined for each individual by well-trained dental hygienists on the basis of the baseline assessment and the oral hygiene status on the day of the education session. The session basically included explanations of the caries and periodontal disease status, oral hygiene instructions for tooth brushing, daily flossing and usage of fluoridated toothpaste, and suggestions for improving dietary habits. The explanation of oral condition was conducted indicating the problematic parts with a hand mirror. Oral hygiene instructions included presentation of dental plaque, stained using a disclosing swab with a hand mirror, and demonstration and self-training of methods for tooth brushing and flossing.
In addition, participants with untreated dental caries were strongly recommended to undergo dental treatment. All participants were encouraged to continue self-care after the session according to the provided instructions. Six months after the baseline evaluation, oral examinations were performed again to evaluate changes in the oral health status. Questionnaire surveys regarding oral health behaviors were also administered along with the oral examinations at the baseline and end of the study (Figure 1 ).
On the other hand, the control group did not receive any intervention during the study period. However, to avoid disadvantages due to the lack of an intervention, the participants were provided with explanations regarding their oral health status and instructions for oral health care after the evaluation at the end of the study.
This study was registered in the Clinical Trials Registry of the Center for Clinical Trials, Japan Medical Association (registration ID: JMA-IIA00282).
Oral examinations
The oral examinations included the assessment of dental caries indices, the Plaque Index (PI), the Community Periodontal Index (CPI)-modified, and the unstimulated salivary flow rate. All examinations were conducted using an LED light in a classroom of the university.
Dental caries indices:
The numbers of decayed, missing, and filled teeth due to dental caries, DMFT, were examined by trained dentists. Open Access PI: According to the method proposed by Silness and Löe [17] , four surfaces (buccal, lingual, mesial, and distal) of each target tooth (16, 12, 24, 36, 32 , and 44) were examined and assigned a score from 0 to 3 according to the amount of plaque present. The score for an individual was obtained as the mean of scores for six target teeth which were calculated as the mean score for the four surfaces of each tooth.
CPI-modified:
Measurement of CPI-modified scores was conducted basically according to the WHO Oral Health Surveys, fifth edition [18] , except that the target teeth were confined to 10 teeth, same as in the fourth edition [19] , considering population-based approach in the future. Briefly, the mouth was divided into sextants, and 17, 16, 11, 26, 27, 37, 36, 31, 46 , and 47 were selected as target teeth. The examination was conducted in a bright room by well-trained dental hygienists using a WHO CPI probe, a disposable dental mirror, and an LED light. The depth of the gingival sulcus was measured with a force of less than 20 g. The highest pocket depth score for the target teeth was defined as the score for each sextant, and the highest score among sextants was taken as the individual score. Considering the age of the participants, attachment loss was not measured. Gingival bleeding was assessed separately, and the gingival bleeding status was evaluated on the basis of the number of sextants with gingival bleeding.
Unstimulated salivary flow rate: Unstimulated saliva retained in the oral cavity for 1 min was collected by the spitting method and immediately weighed.
Questionnaire survey
A self-administered questionnaire was administered to all participants at baseline and the end of the study to evaluate changes in the oral health status and oral health behaviors after the intervention. The questionnaire was based on the FSPD-34 [20] , with additional items added for the purpose of this study. The participants responded to 41 questions concerning oral health problems, oral health behaviors, and dietary habits (Appendix).
Statistical analysis
The intervention and control groups were compared at baseline using the Mann-Whitney U-test, chi-square test, or Fisher's exact test. Changes in the oral health status and oral health behaviors at the end of the study relative to the baseline values in each group were analyzed using the Wilcoxon signed-rank test, the sign test, or McNemar's test.
For further verification of the effects of the intervention, multiple logistic regression analysis was performed to assess changes in the gingival bleeding status at the end of the study. Prior to the analysis, independent variables were validated and a correlation coefficient of <0.8 was confirmed in order to avoid multicollinearity. Then, sex, salivary flow rate, PI score, maximum pocket depth score, frequency of interdental cleaning, frequency of sugar-containing beverage consumption, regular visits to a dental clinic, and daily brushing frequency at baseline were considered as adjusting factors. Smoking history was not included as an independent variable because of the small number of smokers.
The level of significance for all analyses was set at 0.05. All statistical analyses were performed using SPSS version 23.0J for Windows (IBM Japan, Tokyo, Japan). 
Ethical considerations
Results
Participants
In total, 29 and 23 participants were assigned to the intervention and control groups, respectively (Figure 1 ). Two and seven participants from the respective groups could not attend the evaluation at the end of the study and were excluded from the analyses. Eventually, 27 (15 men and 12 women; mean age, 20.6 ± 0.7 years) and 16 (6 men and 10 women; mean age, 20.8 ± 0.7 years) participants in the intervention and control groups, respectively, completed the study. Only one participant (3.7%) in the intervention group and two (12.5%) in the control group were smokers. The sex ratio and proportion of smokers were not significantly different between the two groups (P>0.05, chi-square test and Fisher's exact test, respectively).
Dental caries indices
At baseline, 60.5% participants exhibited decayed teeth. The numbers of decayed and filled teeth as well as the DMFT showed no significant differences between the intervention and control groups at baseline (P>0.05; Table 1 ). While the number of decayed teeth was not changed at the end of the study in both groups, the number of filled teeth was significantly increased in the intervention group (P=0.037), with no change in the control group. In addition, the DMFT index was significantly increased in the intervention (P=0.007) and control (P=0.047) groups at the end of the study. There were no missing teeth at both time points in both groups.
PI
The PI scores at baseline showed no significant difference between the two groups (P=0.119). At the end of the study, the PI score for the intervention group (P=0.001), but not the control group, exhibited a significant improvement (Table 1) .
CPI-modified
The pocket depth score at baseline was not significantly different between the two groups (P=0.896, Mann-Whitney U-test). Furthermore, there were no significant differences in the scores between baseline and the end of the study in both groups (P>0.05, sign test; Figure 2A ). The number of gingival bleeding sextants at baseline was not different between the two groups, while that at the end of the study was significantly increased in the control group (P=0.002), but not in the intervention group (P>0.05; Figure 2B ).
Unstimulated salivary flow rate
As shown in table 1, the unstimulated salivary flow rate at baseline did not differ between the intervention and control groups and showed no significant changes at the end of the study in both groups.
Questionnaire survey
The responses for the main questions pertaining to oral health and dietary habits are listed in table 2. At baseline, response rates for all questions except the one about interdental cleaning were not significantly different between the two groups. Response rates for the questions pertaining to the frequency of interdental cleaning and practice of conscious tooth brushing along the gum line were significantly different between baseline and the end of the study in the intervention group, but not in the control group. With regard to the other questions, there were no significant changes at the end of the study in both groups.
Multiple logistic regression analysis
Multiple logistic regression analysis for changes in the gingival bleeding status at the end of the study, which was adjusted for eight variables, revealed an odds ratio (OR) of 0.193 (95% confidence interval, Open Access 0.041-0.92) for the intervention group when the control group was used as the reference (Table 3 ). The gingival bleeding status was not significantly influenced by other baseline factors at the end of the study.
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Discussion
The aim of the present study was to evaluate the effectiveness of a single individual education session regarding the oral health status and oral health behaviors for university students in their early 20s. At baseline, 60.5% participants exhibited decayed teeth, and only 16.3% and 11.6% of them regularly visited dental clinics and practiced interdental cleaning, respectively. Moreover, approximately 30% participants exhibited new decayed teeth at 6 months from baseline. These results were similar to those reported by previous studies and surveys [7] [8] [9] in the sense that the prevalence rate of dental caries rises in the early 20s and provided further proof of the requirement for special intervention by dental professionals for individuals in this age group.
In order to investigate an appropriate intervention for university students, a single individual oral health education session was conducted in the present study. The evaluation at the end of the study demonstrated that this intervention was somewhat effective. In the intervention group, the number of filled teeth significantly increased, while that of decayed teeth showed no significant change. In the control group, the number of filled teeth was not significantly changed, while that of decayed teeth tended to increase. Moreover, the PI score was significantly decreased in the intervention group, but not in the control group. In addition, the results of the questionnaire survey demonstrated an increase in the frequency of interdental cleaning using dental floss and an improvement in the practice of conscious tooth brushing along the gum line only in the intervention group. Taken together, these results suggest that the single education session conducted by dental hygienists was effective in improving tooth cleaning skills and habits, resulting in a decrease in the PI score. However, the finding that the intervention group showed no change in decayed teeth with an increase in filled teeth implied that the present intervention was not sufficient for the prevention of dental caries. One reason for this result may be the unchanged dietary habit of consuming drinks containing sugar through the intervention, as a positive association between sugar-sweetened beverages or sugar intake and dental caries has been reported [21, 22] . For the prevention of dental caries, continuous education on dietary habits to promote the acquisition of proper oral health behavior will be required.
Although the intervention group exhibited improved tooth cleaning habits at the end of the study, there was no significant change in the depth of the gingival sulcus. This suggests that the present intervention did not suffice for participants to acquire adequate tooth cleaning skills and habits, and that further professional care would be required to reduce the relatively deep periodontal pockets. The gingival bleeding status, another criterion for periodontal inflammation, also showed no significant change in the intervention group, while it significantly worsened in the control group. In addition, multiple logistic regression analysis adjusted for the oral hygiene status and oral health behaviors demonstrated that the OR for the gingival bleeding status decreased as a result of the intervention. This finding suggests that guidance regarding flossing and tooth brushing techniques prevented the worsening of gingival bleeding, although it was not sufficiently effective to improve the gingival condition.
Saliva plays an important role in maintaining oral health, with its various functions including moistening and lubrication of the mouth, protection of the oral mucosa, and protection of the teeth against dental caries [23] . In the present study, the unstimulated salivary flow rate was measured, and the baseline flow rate was not lower than that reported by a previous study [24] . Accordingly, any particular intervention to increase the salivary flow rate was not included in this program, which could have been a reason for the unchanged salivary flow rate at the end of the study, even in the intervention group. For an increase in salivary flow, further active programs, including massage of the salivary glands and tongue exercises may be required.
There had been few studies of intervention programs for oral health promotion among university students, though several studies had been conducted in younger school-going children [25, 26] . Therefore, the present study was designed to assess the effectiveness of an intervention for university students who were busy with studies and did not have specialized knowledge and skills of oral health care. The finding that our intervention was somewhat effective may provide valuable information that can aid in the improvement of oral health in the general university Differences between baseline and end of study values were analyzed using the Wilcoxon signed-rank test, while differences between the intervention and control groups at baseline were analyzed using the Mann-Whitney U-test. **P<0.01, *P<0.05 Table 1 : Difference between the oral health status at baseline and that at the end of the study in the intervention and control groups The number and percentage of participants are indicated in each bar. There is no significant difference between the two groups at baseline (P>0.05, Mann-Whitney U-test). Furthermore, there is no significant difference between the baseline and end of study values in each group (P>0.05, sign test). B. Numbers of sextants with gingival bleeding at baseline and the end of the study There is no significant difference between the two groups at baseline (P>0.05, Mann-Whitney U-test). At the end of the study, the number has significantly increased in the control group (P˂0.01, Wilcoxon signed-rank test), but not in the intervention group (P>0.05). Differences between baseline and end of study values in each group were analyzed using the sign test or McNemar's test, while differences between the intervention and control groups at baseline were analyzed using the Mann-Whitney U-test, Fisher's exact test, or the chi-square test. **P<0.01, *P<0.05 Table 2 : Differences between oral health and dietary habits at baseline and those at the end of the study in the control and intervention groups Open Access student population. However, our study has some limitations. First, the participation rate for this study (about 33%) was relatively low, because the students were busy with clinical training and lectures and had difficulty in sparing time for the program. This observation suggests that the present participants may have had higher awareness about oral health than the students who were not interested in participating, and the oral health behavior of whole students might be worse than that implied by the present results. Thus, the small number of participants recruited from one university limited the ability to generalize the present findings to Japanese university students, although similar awareness level of oral health and oral health status have been reported for other Japanese universities [27, 28] . In addition, it was not possible to randomly assign participants to the intervention and control groups because of the small number of participants. Accordingly, the intervention group comprised participants who were motivated to attend the intervention program or had some complaints regarding their oral health. The control group was presumed to comprise participants with fewer oral health problems. Second, only a single oral health education session was conducted for students in the intervention group because of their tight academic schedules. This could be one reason for the limited effects of the intervention. Third, it was difficult to incorporate the intervention immediately after the baseline evaluation because of the academic calendar; therefore, the intervention program was conducted 3 months after the baseline evaluation. Thus, it is possible that the oral health status may have worsened during the 3 months since the baseline evaluation in both groups, and that the final outcome for the intervention group could have improved more if the intervention had been implemented earlier.
To further understand the oral health status of university students, further investigations in a larger population and a variety of schools are required. In addition, more frequent interventions and further consideration of an intervention program suitable for university students are required to develop more effective oral health education programs.
Since the results suggested that individual intervention is effective for improving oral health of university students, providing oral examination and oral health education for every student by the support of university would be the ideal way to enhance the oral health of the students. However, such undertakings require considerable financial and professional resources and it would be difficult for most Japanese universities or colleges to implement them. Accordingly, a practicable approach may be to conduct questionnaire screening during the annual physical examination in universities and then encourage students to undergo dental treatments or checkups at their own expenses based on the questionnaire results.
Conclusions
A single individual oral health education session was implemented in university students with no specialized knowledge and skills regarding oral health care. The session included instructions pertaining to tooth brushing and daily flossing and suggestions to improve dietary habits for university students. At the end of the study, the number of filled teeth was significantly increased in the intervention group, but not in the control group. The PI score was significantly decreased in the intervention group and unchanged in the control group. The number of sextants with gingival bleeding was increased in the control group and remained unchanged in the intervention group. Furthermore, the questionnaire survey revealed an increase in the frequency of dental flossing and an acquisition of conscious brushing in the intervention group. Although participants were not randomized and the sample size was small, our results suggest that the present intervention was effective in improving the oral health status and oral health behaviors of the university students to a certain extent. Open Access
